BACKGROUND: Aging patients constitute an increasing proportion of patients treated at trauma centers. Previous and existing guidelines addressing care of the injured elder have not adequately addressed emerging data regarding optimal means for undertaking triage decisions, correcting coagulopathy, and the limitations of supraphysiologic resuscitation.
lderly trauma patients face an increased risk for adverse outcomes after injury. As such, clinicians treating injured patients of advanced age need guidance in identifying the techniques and practices that have the proven capacity to improve outcomes. Although independent risk for postinjury mortality may begin at a much younger age, the authors of this analysis have chosen to limit their recommendations to those patients aged 65 years or older. This threshold is consonant with what seems to be the most common assumptions and designations of existing trauma centers regarding advancing age.
STATEMENT OF THE PROBLEM
As it pertains to the care of the injured, ''triage'' is variously defined as ''Ithe sorting of and allocation of treatment to patients and especially battle and disaster victims according to a system of priorities designed to maximize the number of survivors.'' 1 For the elderly patient, it is often difficult to accurately identify the severity of injury and the degree of physiologic derangement because of age-related differences in biology. 2, 3 In addition, there also exists a complex interplay of social and cultural determinants that likely account for why many elderly trauma patients are not approached with the same aggressive form of evaluation afforded to younger patients.
Among academic trauma surgeons, a substantial difference of opinion seems to exist on whether falls from standing or hip fractures qualify as a ''geriatric trauma'' worthy of admission to a dedicated trauma service. This ambivalence seems to extend into the community where there exists substantial evidence that elderly patients are less likely to be referred to trauma centersVperhaps because of conflicting experimental evidence on the survival of the elderly injured patient when treated at designated trauma centers.
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Clinical problems (in injured elderly patients) addressed by this guideline are as follows:
1. Is advanced age a triage criterion for trauma center referral and activation? 2. Is an elevated base deficit a surrogate for severe injury and the need for intensive care? 3. Should withdrawal or limitation of care be initiated solely on the basis of advancing age? 4. What is the influence of preexisting conditions and complications in injury-related outcomes? 5. How should medication-induced coagulopathy be treated? 6. Is it useful to attempt supraphysiologic resuscitation after injury?
The above items are the issues addressed by this update. One additional issue with particular relevance to the elderly not addressed by this update is the use of epidural catheters after blunt thoracic trauma because it is adequately covered elsewhere by a separate guideline. 13 
PROCESS
An initial database query was undertaken using MEDLINE, with citations published between the years 2000 and 2008. Using the search words ''geriatric,'' ''trauma,'' ''elderly,'' and ''injury'' and by limiting the search to citations dealing with human subjects and published in the English language, more than 400 citations were identified. Letters to the editor, case reports, reviews, and articles dealing with minor injury mechanisms, particularly hip fractures from slip and falls, were then excluded. The abstracts of the remaining citations were each reviewed, and those articles that did not address the issues pertinent to the three aims of this review and patient age criteria, 65 years or older, were further excluded. This yielded a total of 64 articles that comprised the initial evidentiary table. The bibliographies of these 64 articles were then further reviewed, and eight additional articles meeting the previously mentioned criteria were added for a total of 90 references within the evidentiary table. Each reference was then reviewed by two trauma surgeons, and a consensus was reached regarding appropriate classification of each reference according to the Eastern Association for the Surgery of Trauma (EAST) primer on evidence-based medicine. Eighteen articles were subsequently excluded from the evidentiary table after being identified as pure review articles with no new synthesis of information.
Criteria for achieving a specific classification in the final evidentiary table and the number of articles for each class are shown below:
Class I: Prospective randomized controlled trialsVthe gold standard of clinical trials. Some may be poorly designed, have inadequate numbers, or have other methodological inadequacies (0 references). Class II: Clinical studies in which data were collected prospectively and retrospective analyses that were based on clearly reliable data. Types of studies so classified include observational studies, cohort studies, prevalence studies, and case-control studies (38 references). Class III: Studies based on retrospectively collected data. Evidence used in this class includes clinical series, database or registry reviews, large series of case reviews, and expert opinion (35 references).
The EAST primer on using evidence-based outcome measures to develop practice management guidelines (PMGs) suggested the levels of recommendation (Level 1, Level 2, Level 3, etc.) that were used to generate the following conclusions and summary recommendations. 14 
RECOMMENDATIONS Question 1
Should age be an independent determinant of triage decisions such as whether trauma patients receive care as a trauma team ''alert'' at a designated trauma center or in decision making related to limiting care?
Level 1
1. There are insufficient Class I and Class II data to support any standards regarding any of the questions posed by this query.
Level 2
1. Injured patients with advanced age (aged Q65 years) and preexisting medical conditions should lower the threshold for field triage directly to a designated/verified trauma center. 2. Advanced patient age is not an absolute predictor of poor outcomes following trauma and, therefore, should NOT be used as the sole criterion for denying or limiting care in this patient population. 3. An initial aggressive approach should be pursued for management of the elderly patient unless in the judgment of an experienced trauma surgeon it seems that the injury burden is severe and the patient appears moribund. 
Question 2
How should medication-induced coagulopathy be addressed during the early postinjury period?
Level 1
Level 2
Level 3
1. All elderly patients who were taking medications for systemic anticoagulation before their injury should have appropriate assessment of their coagulation profile as soon as possible after admission.
2. All elderly patients with suspected head injury (e.g., those with altered GCS, headache, nausea, external trauma, or high-energy mechanism) who were taking medications for systemic anticoagulation before their injury should be evaluated with head computed tomography as soon as possible after admission. 3. Patients receiving warfarin with a posttraumatic intracranial hemorrhage should receive initiation of therapy to correct their international normalized ratio (INR) toward a normal range (e.g., G1.6Â normal) within 2 hours of admission.
Question 3
Is indiscriminate invasive cardiovascular monitoring with pulmonary artery catheters and supranormal resuscitation still justified after injury in older patients?
Level 1
Level 2
Level 3
1. Elderly patients with one or more severe anatomic injuries (i.e., one or more body system AIS score of Q3) should be treated in designated trauma centers, preferably in ICUs staffed by surgeon-intensivists. 2. Base deficit measurements may provide useful information in determining the status of initial resuscitation and risk of mortality for geriatric patients. As such, ICU admission should be considered for patients aged 65 years or older with an initial base deficit of j6 mEq/L or less.
SCIENTIFIC FOUNDATION Triage and Advanced Age
One of the main topics addressed by this PMG is the manner in which elderly patients are triaged to trauma centers and, if triaged to a trauma center, whether they should routinely receive a trauma activation level of initial care and what is an appropriate threshold for admitting them to an ICU. Ample evidence demonstrates that injured elderly patients are less likely to receive care at trauma centers despite ample evidence that they are at increased risk for adverse outcomes after injury because of limited cardiovascular reserve, comorbidities, and general frailty.
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A retrospective analysis of 10 years (1995Y2004) of the Maryland Ambulance Information System by Chang et al 16 in 2008 found that among 26,565 patients, the risk for undertriage was significantly higher among those older than 65 years (49.9 vs. 17.8%; p G 0.001).
Furthermore, on multivariate analysis (controlling for year, sex, physiology, injury, mechanism, transport reasons, emergency medical service provider level training, presence or absence of specific injuries, and jurisdictional region), aged 65 years or older emerged as an independent risk factor for undertriage (odds ratio, 0.48 [range, 0.3Y0.76]) with inadequate training, unfamiliarity with protocol, and possible age bias listed by survey respondents as common reasons for not bringing elderly patients to trauma centers. The previous version of this PMG and subsequent literature have demonstrated the fact that a large proportion of injured elderly patients return to independent living. As such, age should not be used as a sole criterion for limiting care. 38Y41 In comparisons of care at acute care hospitals (versus care at designated trauma centers), elderly patients seem to be less likely to experience preventable adverse events and are more likely to have a lower risk-adjusted mortality if treated at trauma centers and/or hospitals with dedicated surgeonintensivists. 4, 6, 42 One large study of risk-adjusted outcomes found that patients younger than 55 years treated at trauma centers were at significantly decreased risk for postinjury mortality (925% lower), whereas those who were aged 55 years or older experienced no such apparent benefit.
MacKenzie and her coauthors 4 admitted that their study may not be well suited to answer the question as to whether typical ''elderly'' injured patients should be treated at trauma centers because of the nonstandard age cutoff and the low numbers of severely injured elderly patients in their sample. One piece of evidence supporting the benefit of triage to designated trauma centers was published by Meldon et al. 5 in 2002 and included risk-adjusted assessment of outcomes for a population of patients aged 80 years or older. In this evaluation, outcomes varied between designated trauma centers and other nondesignated acute care settings. Not surprisingly, head injury, injury severity, and lack of trauma center verification are associated with hospital mortality in very elderly trauma patients. 7, 43, 44 Data from a well-executed single-center study demonstrated more than 30% increase in risk-adjusted survival for elderly patients after initiating age 70 years or older as an indicator for trauma alert in a busy urban trauma center. 17 Patients in this sample also were reported to have received liberal application of ICU care and invasive monitoring. As such, we cannot yet determine which of these three interventions yielded the improved survival; it would seem prudent, however, to have a lower threshold for early aggressive evaluation and treatment until multicenter controlled trial data become available. However, it must also be acknowledged that elderly patients with severe traumatic brain injury (sustained GCS score G9) have at least an 80% likelihood of death or longterm placement as their discharge destination, thus justifying discussions regarding goals of care if no improvement in GCS is seen after the initial phase of care and after withdrawal of all sedatives. 29 This update group is not able to carry forward the previous versions' recommendations regarding the need to prevent complications because it seems nearly impossible to implement given the universal imperative to prevent complications. 45 Likewise, previous assertions that elderly patients with low revised trauma scores, GCS scores, and respiratory rate on presentation have 100% mortality no longer seem relevant in an era when many more patients are receiving prehospital sedation, muscle relaxants, and intubation.
Correction of Anticoagulation
Increasing numbers of elderly Americans take anticoagulants and antiplatelet agents for a variety of indications. Although these agents have proven overall benefit for patients at risk for thrombotic or embolic events, these medications increase the risk for postinjury hemorrhage and alterations in the postdischarge destination.
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Substantial variation exists in practice patterns related to correction of iatrogenic and therapeutic coagulopathy after injury despite the work of Ivascu et al., 57, 58 which demonstrated a more than 75% decrease in mortality related to posttraumatic intracranial hemorrhage in elderly patients with Coumadin-related coagulopathy after implementation of a protocol to ensure rapid head computed tomography, initiation of INR-correcting therapy within 1.9 hours, and full correction of coagulopathy within 4 hours of admission. 57Y59 The same authors suggested that reversal of INR is not necessary in the absence of intracranial bleeding. The degree of correction indicated in elderly patients with intracranial bleeding is not completely clear, but several authors have concluded that INR should be rapidly corrected to a value of less than 1.6 with fresh-frozen plasma (15 mg/kg or~4 units) and vitamin K IV. 57, 60 Those who stop their Coumadin-based anticoagulation after injury are at lower risk for major hemorrhage after discharge but at increased risk for thromboembolism. 61 Little is known regarding the optimal means for correcting iatrogenic platelet dysfunction in injured patients, although it seems clear that patients taking antiplatelet agents are at an increased risk for postinjury hemorrhage. 48,49,51,60,62Y66 End Points of Resuscitation
The previous version of this guideline advocated the near-ubiquitous use of Swan-Ganz catheters in moderately to severely injured elderly patients followed by optimization of cardiac output and oxygen delivery variables to supratherapeutic values. 38 Whereas it remains clear that younger patients progressively increase their cardiac index and oxygen delivery following multiple trauma, elderly patients begin with low levels that often fail to increase. 67 In one large multicenter examination of ''dry'' versus ''wet'' classes of resuscitation in critically ill patients (not exclusively in elderly or injured patients), there was no difference in survival. 68 There was, however, a marginal increase in ventilatorfree days in the conservative fluid group without increased risk for dialysis, pointing to the possibility that injured patients might also fare better if fluid management focused more on the pulmonary effects than the theoretical benefits to renal perfusion.
In other well-performed retrospective analyses not performed in elderly patients, multiple authors have described augmentation of postinjury oxygen delivery (to 9500), yielding an increased risk for intra-abdominal hypertension, compartment syndrome, and death, with no survival benefit (odds ratio, 0.86; range, 0.6Y1.2). 45, 69 Base deficit values of j6 mEq/L or less are markers of severe injury and significant mortality in all trauma patients but especially in the elderly in which this value may predict as much as a 60% risk for mortality as compared with those with a base deficit of j5 mEq/L or higher who have less than 23% risk for mortality. 70 Admittedly, Davis and Kaups 70 made the elderly assignment at age 55 years rather than 65 years, but we suspect that had they chosen the older cutoff for age (Q65 years), the differentiating effect would be yet more dramatic.
SUMMARY
In the relative absence of data to the contrary, our elderly patients should receive care at centers that have devoted specific resources to attaining excellence in the care of the injured using similar criteria to those used in younger patients. Preexisting conditions and/or severe anatomic injuries dramatically increase the risk of poor outcome in elderly patients.
Age and anticoagulants and antiplatelet agents increase the risk for postinjury hemorrhage and require assessment of coagulation profile swiftly following admission. Base deficit (j6 mEq/L or less) is a marker of severe injury and significant mortality in all trauma patients and should be used in consideration for ICU admission. A Glasgow Coma Scale score of 8 or less, remaining low after 72 hours, provides important information regarding long-term prognosis. 
